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Evaluating Urban Arterial 
Reliability Performance Metrics
Why Portland and Why Arterials?
• Portland Recently Cracked the Top 10 for Cities With 
the Worst Traffic (INRIX, 2019)
• 116 Hours Lost in Congestion (Per Capita) 
• $1,625 Cost Per Driver
• $1.4 Billion Cost Incurred by the City
Same As San Francisco!
• Interstates and Freeways Remain the Primary Focus 
of Travel-Time-Related Research
• FHWA Recommended Reliability Metrics on Urban Arterials 
• Determine Significant Temporal Factors on Average Travel Time, 
Travel Time Variability, and Quantify Their Effects
Data Collection and Arterial Selection
• Travel Time Data Collected From BlueMAC1
Transportation Data Systems at Various Locations in 
Washington County
• ≈ 135 Bluetooth Devices
• Select Bluetooth Detectors of Interest
• Corridors With Similar Traffic Volumes
• Availability of Data (August 2017 to November 2017)
• Three Corridors Selected for Analysis
• Use Selected Detectors to Match Trips Along Corridor
Data Collection and Arterial Selection
BlueMAC Analytics. Accessed at http://washcobm.digiwest.com/ 
OR-99W
Tualatin-Sherwood Rd. to Durham Rd.
• 3.56 miles
• Various Land-Use Types
• Industrial, Agriculture
• 8 Traffic Signals
• Transit Stops
• 8 NB, 7 SB
Tualatin-Sherwood Road
OR-99W to I-5 SB On-Ramp
OR-99W to I-5 SB On-Ramp
• 4.66 miles
• Single Land-Use Type
• Industrial
• 18 Traffic Signals
• Transit Stops
• 12 EB, 10 WB
Tualatin Valley Highway
Brookwood Ave to Lombard Ave
Brookwood Ave to Lombard Ave
• 6.42 miles
• Various Land-Use Types
• Commercial, Business, Residential
• 18 Traffic Signals
• Transit Stops
• 23 EB, 24 WB
Outlier Detection for Travel Time Data
• A Median-Based Outlier Detection Algorithm is 
Implemented1
• Outlier Detection is Done for Weekdays, Weekends, and 
Holidays
1Zang, Z., X. Xu, C. Yang, A. Chen. 2018. A Closed-Form Estimation of the Travel Time Percentile Function for Characterizing Travel Time 
Reliability. Transportation Research Part B: Methodological 118, 228–247.
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Outlier Plots for Tualatin Valley Highway
Weekdays (EB) Weekends (EB)
Outlier Results for Tualatin Valley Highway
With Outliers No Outliers
Start 8/01/2017, 12:00 a.m. 8/01/2017, 12:00 a.m.
End 11/30/2017, 11:59 p.m. 11/30/2017, 11:59 p.m.
Distance (miles) 6.42 6.42
Number of Trips 13,146 11,130
Mean Speed (mi/hr) 22 24
Mean Travel Time (sec) 1,197 1,001
Median Travel Time (sec) 1,015 974
Standard Deviation 582 234
15th Percentile Travel Time (sec) 792 774
85th Percentile Travel Time (sec) 1,580 1,227
95th Percentile Travel Time (sec) 2,630 1,456
2,016 Trips (-15%)
2 mi/hr (+9%)
196 sec (-16%)
348 sec (-60%)
18 sec (-2%)
353 sec (-22%)
1,174 sec (-45%)
41 sec (-4%)
Weekdays (EB)
Median Travel Time Analysis (TV Hwy)
Weekdays Weekends
WB
EB
WB
WB
Median Travel Time Analysis (T-S Road)
Weekdays Weekends
EB
WB
EB
EB
Median Travel Time Analysis (OR-99W)
Weekdays Weekends
NB
SB
NB
SB
Travel Time Reliability Metrics
Based on FHWA, Three Reliability Metrics Were 
Considered:
Buffer Index =
(95th Percentile Travel Time − Mean Travel Time)
Mean Travel Time
Normalized SD =
Standard Deviation of Travel Time
Free − Flow Travel Time
Planning Index =
95th Percentile Travel Time
Free − Flow Travel Time
Reliability Metrics
Corridor Direction
Mean 
Travel 
Time
Median 
Travel 
Time
Standard 
Deviation
Buffer 
Index
Normalized 
SD
Planning 
Index
Tualatin Valley 
Highway
Eastbound 987 955 171 0.31 0.34 2.59
Westbound 964 901 223 0.41 0.44 2.76
Tualatin-
Sherwood 
Road
Eastbound 856 789 247 0.58 0.69 3.82
Westbound 835 740 278 0.71 0.78 4.00
OR-99W
Northbound 368 357 75 0.31 0.32 2.05
Southbound 370 352 91 0.40 0.38 2.19
Corridor Direction
Weekdays Weekends Holidays
Buffer 
Index
Norm. 
SD
Planning 
Index
Buffer 
Index
Norm. 
SD
Planning 
Index
Buffer 
Index 
Norm. 
SD Planning Index
Tualatin 
Valley 
Highway
EB 0.36 0.36 2.85 0.45 0.41 2.75 0.22 0.30 2.06
WB 0.48 0.46 3.08 0.54 0.51 2.89 0.26 0.40 2.12
Tualatin-
Sherwood 
Road
EB 0.61 0.75 4.27 0.57 0.50 3.01 0.52 0.58 2.91
WB 0.74 0.80 4.39 0.61 0.52 2.99 0.64 0.73 3.23
OR-99W NB 0.30 0.32 2.12 0.29 0.27 1.82 0.33 0.32 1.92SB 0.40 0.39 2.28 0.39 0.34 2.01 0.39 0.38 2.01
Reliability Metrics
Correlation Between Reliability Metrics during Weekdays and Weekends
Corridor Direction Weekdays Correlation Weekends CorrelationBI & NS NS & PI PI & BI BI & NS NS & PI PI & BI
Tualatin Valley 
Highway
EB 0.77 0.84 0.54 0.93 0.93 0.88
WB 0.83 0.88 0.62 0.85 0.93 0.87
Tualatin-
Sherwood Road
EB 0.75 0.96 0.64 0.82 0.96 0.78
WB 0.75 0.95 0.62 0.88 0.96 0.88
OR-99W NB 0.80 0.77 0.79 0.72 0.88 0.84SB 0.75 0.89 0.57 0.76 0.89 0.93
Reliability Metrics
Planning Index (Weekdays/Weekends)
Weekdays Weekends
Planning Index (Day of the Week)
Mean Planning Index for Each Day of Each Corridor
Day of 
Week
Tualatin 
Valley (EB)
Tualatin 
Valley (WB)
Tualatin-
Sherwood (EB)
Tualatin-
Sherwood 
(WB)
OR-99W 
(NB)
OR-99W 
(SB)
Monday 2.64 2.97 3.98 4.24 2.07 2.28
Tuesday 2.80 2.95 4.07 4.28 2.15 2.25
Wednesday 2.74 2.93 4.15 4.21 2.08 2.25
Thursday 2.76 2.97 4.13 4.25 2.16 2.23
Friday 2.76 2.98 4.27 4.14 2.11 2.26
Saturday 2.69 2.79 3.06 3.00 1.84 2.01
Sunday 2.56 2.68 2.78 2.80 1.82 1.91
Planning Index (Day of the Week)
Tualatin Valley Highway, EB Tualatin Valley Highway, WB
Planning Index (Day of the Week)
Tualatin-Sherwood Road, EB Tualatin-Sherwood Road, WB
Planning Index (Day of the Week)
OR-99W, NB OR-99W, SB
Planning Index (Weather)
Median Travel Time and Mean Planning Index During Different Weather Conditions
Corridor Direction Weather Morning Midday Evening
Median PI Median PI Median PI
Tualatin 
Valley 
Highway
EB
Sunny 1006 2.72 996 2.84 1051 2.93
Not 
Sunny 1069 2.73 1001 2.78 1137 2.90
WB
Sunny 884 2.61 973 3.33 1090 3.20
Not 
Sunny 871 2.47 949 2.88 1167 3.03
Tualatin-
Sherwood 
Road
EB
Sunny 778 3.70 988 4.89 871 3.98
Not 
Sunny 793 3.61 936 4.42 867 3.76
WB
Sunny 686 3.81 822 4.94 921 4.06
Not 
Sunny 689 3.83 836 4.61 967 3.86
OR 99W
NB
Sunny 347 1.89 362 2.10 413 2.39
Not 
Sunny
364 2.04 349 1.92 451 2.59
SB
Sunny 326 1.97 344 2.27 448 2.77
Not 
Sunny
322 1.88 344 2.11 473 2.71
Temporal Effects
• Quantify Effects of Time-Related Variables on Expected 
Travel Time and Travel Time Standard Deviation
• Peak Indicators 
• Morning Peak, Evening Peak, and Off-Peak Hours
• 15-Minute Average Travel Times and 15-Minute Travel 
Time Standard Deviation
• Bivariate Tobit Model
• Censored Regression
• Accounts for Large Number of Zeros for Travel Time Standard 
Deviation
Temporal Effects
OR-99W Tualatin-Sherwood Road
Comparison of Morning Peak Hour Effects on Average Travel Time*
Corridor Direction Monday Tuesday Wednesday Thursday Friday
OR-99W Northbound - ↑ 37 sec (10 sec) ↑ 25 sec (7 sec) ↑ 27 sec (8 sec) ↑ 23 sec (6 sec)
Southbound - - - - -
Tualatin-Sherwood Road Eastbound ↑ 61 sec (13 sec) ↑ 115 sec (25 sec) ↑ 130 sec (28 sec) ↑ 120 sec (26 sec) ↑ 142 sec (30 sec)
Westbound ↑ 53 sec (11 sec) ↑ 84 sec (18 sec) ↑ 107 sec (23 sec) ↑ 100 sec (21 sec) ↑ 77 sec (17 sec)
Tualatin Valley Highway Eastbound ↑ 66 sec (10 sec) ↑ 139 sec (22 sec) ↑ 119 sec (19 sec) ↑ 95 sec (15 sec) ↑ 47 sec (7 sec)
Westbound - - - - -
* Values in parentheses indicate the expected change per mile
Morning Peak Hour Effects
Comparison of Morning Peak Hour Effects on Travel Time Standard Deviation*
Corridor Direction Monday Tuesday Wednesday Thursday Friday
OR-99W Northbound - - - - ↑ 13 sec (4 sec)
Southbound - - - ↑ 5 sec (1 sec) ↑ 4 sec (1 sec)
Tualatin-Sherwood Road Eastbound - ↑ 37 sec (8 sec) ↑ 45 sec (10 sec) ↑ 37 sec (8 sec) ↑ 52 sec (11 sec)
Westbound - ↑ 56 sec (12 sec) ↑ 59 sec (13 sec) ↑ 45 sec (10 sec) ↑ 18 sec (4 sec)
Tualatin Valley Highway Eastbound - ↑ 18 sec (3 sec) ↑ 22 sec (3 sec) ↑ 21 sec (3 sec) ↑ 28 sec (4 sec)
Westbound - - - - -
*         
Evening Peak Hour Effects
Comparison of Evening Peak Hour Effects on Average Travel Time*
Corridor Direction Monday Tuesday Wednesday Thursday Friday
OR-99W Northbound ↑ 82 sec (23 sec) ↑ 104 sec (29 sec) ↑ 104 sec (29 sec) ↑ 102 sec (29 sec) ↑ 86 sec (24 sec)
Southbound ↑ 91 sec (26 sec) ↑ 129 sec (36 sec) ↑ 122 sec (34 sec) ↑ 134 sec (38 sec) ↑ 139 sec (39 sec)
Tualatin-Sherwood Road Eastbound ↑ 198 sec (42 sec) ↑ 228 sec (49 sec) ↑ 221 sec (47 sec) ↑ 174 sec (37 sec) ↑ 205 sec (44 sec)
Westbound ↑ 190 sec (41 sec) ↑ 302 sec (65 sec) ↑ 226 sec (48 sec) ↑ 234 sec (50 sec) ↑ 231 sec (50 sec)
Tualatin Valley Highway Eastbound ↑ 111 sec (17 sec) ↑ 175 sec (27 sec) ↑ 141 sec (22 sec) ↑ 157 sec (24 sec) ↑ 133 sec (21 sec)
Westbound ↑ 196 sec (31 sec) ↑ 206 sec (32 sec) ↑ 258 sec (40 sec) ↑ 224 sec (35 sec) ↑ 279 sec (44 sec)
* Values in parentheses indicate the expected change per mile
Comparison of Evening Peak Hour Effects on Travel Time Standard Deviation*
Corridor Direction Monday Tuesday Wednesday Thursday Friday
OR-99W Northbound ↑ 9 sec (3 sec) ↑ 10 sec (3 sec) ↑ 8 sec (2 sec) ↑ 10 sec (3 sec) ↑ 6 sec (2 sec)
Southbound ↑ 18 sec (5 sec) ↑ 10 sec (3 sec) ↑ 14 sec (4 sec) ↑ 11 sec (3 sec) ↑ 13 sec (4 sec)
Tualatin-Sherwood Road Eastbound ↑ 31 sec (7 sec) - - - -
Westbound - - - - -
Tualatin Valley Highway Eastbound - - - - -
Westbound - - - - -
*         
Nighttime Hour Effects
Comparison of Nighttime Hour Effects on Average Travel Time*
Corridor Direction Nighttime Hours (9:00 p.m. to 6:00 a.m.)
OR-99W Northbound ↓ 62 sec (17 sec)
Southbound ↓ 38 sec (11 sec)
Tualatin-Sherwood Road Eastbound ↓ 187 sec (40 sec)
Westbound ↓ 169 sec (36 sec)
Tualatin Valley Highway Eastbound ↓ 190 sec (30 sec)
Westbound ↓ 161 sec (25 sec)
* Values in parentheses indicate the expected change per mile
Comparison of Nighttime Hours Effects on Travel Time Standard Deviation*
Corridor Direction Nighttime Hours (9:00 p.m. to 6:00 a.m.)
OR-99W Northbound ↓ 34 sec (10 sec)
Southbound ↓ 42 sec (12 sec)
Tualatin-Sherwood Road Eastbound ↓ 85 sec (18 sec)
Westbound ↓ 97 sec (21 sec)
Tualatin Valley Highway Eastbound ↓ 50 sec (8 sec)
Westbound ↓ 78 sec (12 sec)
* Values in parentheses indicate the expected change per mile
Moving Forward
• Research
• Explore Additional Outlier Methods
• Confidence Intervals for Reliability Metrics
• Data Comparison (e.g., HERE data, INRIX data, etc.)
• Policy and Practice
• Investigate Timing
• Promote Alternate Modes of Transport (e.g., Public Transit, Active 
Transport)
• Project-Based Solutions
Thank you!
Questions?
Jason C. Anderson
Research Associate
Portland State University
Email: jason.c.anderson@pdx.edu
